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[54) Improved folate competitive 
protein binding assay 

(57) In a competitive protein binding 
assay for N-B-methyitetrahydrofolic 
acid, the folate standard used is N-5- 
methyltetrahydrofolic acid complexed 
with folate binder potein. The protein of 
the complex is destroyed prior to the 
addition of immobilised folate binder 
protein. The immobilized folate binder 
protein participates in competitive bind- 
ing with unknown folate and labeled 
folate reagents. 
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SPECIFICATION 

Improved folate competitive protein binding assay 

5 This invention relates to an Improved folate competitive protein binding assay, reagent kitfor such assay. 5 
Folate deficiency is a common cause of megaloblastic anemia in man. tn the human body, folic acid is 
metabolized to tetrahydrofolic acid and subsequently to N-5-methyl-tetrahydrofoiic acid, which in turn can 
be reconverted to tetrahydrofolic acid in the presence of vitamin B? 2 to reenterthe metabolic pool of 
1~carbon fragment donors and acceptors. It isimportant to be able to measure the amount of 

1 0 N-5-methyltetrahydrofolrc acid in the serum, plasma and/or red blood cells. 10 
Quite often, the concentration of N-5-methyltetrahydrofotic acld r the major folate derivative in blood, is 
measured using a competitive protein binding assay* As will be explained more fully hereinbeiow, a 
competitive protein binding assay for N-5-methyitetrahydrofolic acid should preferably include the 
utilization of N-5-metbyt-tetrahydrofolic acid in the standard reagents. However, N-5-methyl tetrahydrofolic 

15 acid is very unstable, requiring measures such as sealing in ampoules in fyophilized form under a nitrogen 15 
atmosphere for proper storage* Such techniques are very impractical In the manufacture of an assay reagent 
kit Furthermore, hermetic sealing could not prolong stability after reconstitute n, which for N-5- 
methyltetrahydrofolic acid is only about three days at 4°C, 
Because of the relationship between vitamin B 12 and folic acid In man, assays have been developed which 

20 are used to determine not only the N-5~methy!tetrahydrofolic acid level, but also the concentration of vitamin 20 
B 12 using a single multi-step assay procedure. See the protocol of U,S. 4,146,602 for a purported description 
of a simultaneous vitamin B 12 /folate radioassay. In fact, since vitamin B T2 and folate deficiencies are 
hematological and clinically indistinguishable, It Is usually necessary to determine the level of vitamin B 12 
in the serum and the level of folate in the serum and red blood cells to help establish definitively the etiology 

25 of megaloblastic anemia, 25 
Among various preservative compounds which can be employed to stablize N-5-methyltetrahydrofoltc 
acid, ascorbic acid is preferred. However, ascorbic acid is known to interfere with competitive binding 
vitamin B 12 analysis. Because of the known Instability of N~5-methyJ-tetrahydrofoiic acid, many folate assays 
requiring folate standardjs), particularly using a simultaneous vitamin B 12 /folate assay technique, have used 

30 the parent compound, folic acid, as the folate standard. However, folic acid does not always duplicate the 30 
activity of N-5-methyltetrahydrofolic acid in the testing procedure. 

An object of this invention is to provide an improved competitive protein binding assay procedure 
employing a specific stabilized N-5-methyltetrahydrofoiic acid reagent. 
Still another object of this invention is to provide an improved competitive protein binding radioassay for 

35 simultaneously determining the levels of both N-5-methyttetrahydrofolic acid and vitamin 8 12 . 35 
Another object of this invention is to provide a folate competitive protein binding assay characterized by 
Improved accuracy in the determination of N-5-methyitetrahydrofoiIc acid levels. 

In accordance with the present invention, the concentration of N-5-methyltetrahydrofolic acid in a patient 
sample is determined by separately admixing the patient sample and at least one standard reagent with 

40 known amounts of labeled folic acid or labeled folic acid derivative to yield at least two separate test 40 
samples, the standard reagent(s) comprising a reconstituted lyophiiized complex of N-5- 
methyltetrahydrofolie acid-folate binding protein, destroying the folate binder protein or said standard 
reagent(s) and destroying any binding protein present in the patient sample, adding a known amount of 
folate binding protein, preferably immobilized on an inert support, to each test sample, and determining the 

45 amount of N-5-methyltetrahydrofolic acid in the patient sample by measuring the amount of labeled folic 45 
acid or labeled folic acid derivative which does or does not bind to the immobilized binder protein of each 
test sample and comparing the measurement obtained from the patient sample with the measurmentfs} 
obtained from the standard reagent(s), 
Preferably, a plurality of known N-5-methyltetrahydrofolic acid reagents of differing concentration levels 

50 are run side-by-side with patient unknown samples for use in plotting a standard curve for use in 50 
determining by interpolation the concentration of N-5-methyltetrahydrofolic acid in the patient sample, as Is 
fully known In the art. 

In a preferred embodiment of the present invention, the N-5-methlytetrahydrofolic acid determination is 
carried out as part of a simultaneous vitamin B lz /folate assay. 
55 In another preferred embodiment of the present invention, radioactive labels are used. 55 
In still another preferred embodiment of the invention the folate binder protein present In the standard 
reagent sampie(s) and any endogenous binder protein present in the patient sample are destroyed by 
heating the test samples after addition of labeled folic acid or labeled folic acid derivative thereto at a 
temperature and for a time sufficient to destroy said proteins. Also, where desired, binders can be destroyed 
60 before addition of the labeled folic acid or labeled folic acid derivative to the system. 60 
As explained briefly hereinbefore, stability problems have hindered the use of N-5~methyitetrahydrofolic 
acid in competitive protein binding assays, particularly of the simultaneous vitamin B 12 /folate type, The 
present invention provides an improved folate assay through the use of a stable complex of N-5-methyltetra- 
hydrofolic add with folate binding protein. This complex is described in detaH in our copending application 
65 Serial No. , of even date herewith based on USSN 288,463 and identified as Riceberg 2. 65 
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The binding protein, as far as known, can be any folate binding protein, for example, fofate binding protein 
purified from bovine milk. The complex is formed by admixing unlabeled N-5-methyltetrabydrofoHe acid 
with the binding protein In a liquid medium, allowing the complexto form using suitable conditions of 
Incubation, followed by rapid freezing and dehydration of the mixture, preferably by lyophilization thereof, 
5 to form a dry powder. 5 
For example, to an aqueous solution containing 20 ng/ml of N-5-methyltetrahydrofolic acid, there is added 
66.4 micrograms of bovine folate binding protein. Thereafter following incubation at 4°C for two hours, 
iyophfiization thereof is carried out. The lyophilized specimen can be reconstituted by the addition thereto of 
water as needed. This reconstituted material has increased stability compared to material without binding 

10 protein. 10 
In addition to the folate binding protein obtained from bovine milk mentioned above, other commercially 
available as well as experimentally obtainable folate binding proteins such as goat milk folate protein binder, 
receptors or binders extracted from various animal organs, particularly kidneys, livers, and pancreas, 
P-lacto-giobulm preparations or dolphin serum could be substituted therefor. 

15 The folic acid or folic acid derivative can be labeled using any suitable labeling technique, such as by 15 
employment of a radioactive label, an enzyme label, a fluorescent label, and so forth! A radioactive label is 
preferred, such as radioactive iodine, i.e., 125 1. Where the assay procedure is a simultaneous assay with 
determination of folate along with vitamin B t2 , it is convenient to use different labels for the folic acid or folic 
acid derivative and the vitamin 8 12 reagents. 

20 The following example illustrates an embodiment of the present invention where a single patient sample 20 
is simultaneously analyzed for N-5-methyitetrahydrofolicacid concentration and vitamin S 12 concentration. 
This example is not to be considered however as limiting the present invention in any manner. For example, 
incubation times, sample size, temperatures, and other factors can be varied as is well-known in the art* 



25 Example 25 
Reagents used in the Assay 

A. Binding proteins 

The binding proteins (folate binding protein, purified from bovine milk, and purified hog intrinsic factor as 
binding protein for vitamin B 12 ) are covalently bound to glass particles, which are suspended in Q.03M pH 7.4 
30 phosphate buffered saline {0,1 5M in sodium chloride) containing 0.02% sodium azide as preservative. 30 

B. Combined PCo] Vitamin B f2 andf 125 fj Folate 

[ 57 Co] Vitamin B 12 and t 125 U folate are dissolved in 0.1 M borate buffer pH 9.3 containing 0,001% potassium 
cyanide, amaranth red dye (2 micrograms per ml) as a pipetting aid and 0.2% sodium azide as preservative. 
35 35 

C. Dithiothreito! 

One viai containing dithiothreito! Is supplied in lyophilized form. 



D. Vitamin B 12 &oiate Standards 

40 Six concentrations of vitamin B 12 andN-5-methyl-tetrahydrofolicacrd in 0.1 M phosphate buffered saline 40 
pH 7.4 containing 1% human serum albumin and 0.2% sodium azide as preservative, having been lyophilized 
in the presence of a five-fold excess of folate binding protein. 

E. Vitamin 8 r2 f Fofate Reference Controls 

45 Two vitamin B 12 /N-5~methyltetrahydrofotic acid reference controls are prepared from defibrinated human 45 
plasma and lyophilized in the presence of folate binding protein. 

In the preparation of the above reagents D and E, N-5-methyltetrahydrofolic acid in the form of a complex 
with folate binding protein purified from bovine milk is used as the "folate"component. 
The storage, handling and reconstitution conditions for the reagents are known to the skilled clinician. The 
50 dithiothreito! was reconstituted with reagent Bat a level of 2 mg/ml to enhance nonspecific binding and 50 
improve stability of the N-5-methyltetrahydrofoltc acid and vitamin B 12 during heating. The reference 
controls, which are optional, are selected in this embodiment to be at approximate concentration levels to 
yield assay results approximating folate deficient and normal patient ranges and vitamin B 12 normal and 
elevated ranges. These can serve as a check on the performance of the assay when handled in the same 
55 manner asthe unknown sample. 55 
In this particular example, the six vitamin B 12 /folate standards are selected as set forth below, it being 
understood that the skilled person may modify their number, their concentrations, and the like in accordance 
with laboratory standards. The concentrations of the standards are per milliliter* 

60 Contents of tube (per ml) 50 

Vitamin B 12 /Folate Standard, 0/0 pg/ng 

Vitamin Bia/Folate Standard, 100/1.0 pg/ng 

Vitamin B 12 /Folate Standard, 250/2.5 pg/ng 

Vitamin B^/Folate Standard, 500/5,0 pg/ng 
65 Vitamin B 12 /Folate Standard, 1 000/1 0.0 pg/ng 55 
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Vitamin B 12 /Folate Standard, 2O0O/2O.Q pg/ng 

Assay Procedure y t r 

Fyrex m glass or polypropylene test tubes are used in duplicate for all runs, that isfor running standards, 
5 controls and for each patient sample. 5 
In this particular assay embodiment, serum or plasma (EDTA anticoagulant added) can be used. Also, a 

whole blood lysate can be prepared and stabilized with ascorbic acid f or carrying out a red blood cell folate 

analysis. 

1 . The test tubes are set upas follows : 

10 

Tube number Contents of Tube (per ml) 



10 



15 



20 



25 



30 



1 r 2 Vitamin Bi 2 /Fo!ate Background Standard, 

0/0 pg/ng 

15 

3, 4 Vitamin B ia /Foiate Standard, 100/10 

PS/ng 

5 r e Vitamin B 12 /Folate Standard, 250/2.5 

pg/ng 20 

7 f q Vitamin BWFolate Standard, 500/5.0 

pg/ng 

9, 10 Vitamin B 12 Folate Standard, 1000/10.0 25 

pg/ng 



11, 12 Vitamin B 12 /Folate Standard, 2000/20.0 

pg/ng 



30 



13, 14 Vitamin B 12 /Fofate Control 1 

1 5, 1 e Vitamin B 12 /Folate Control 2 

35 17,18 Patient serum sample (unknown) 35 

2, Add 100 pi of the appropriate standard, control or sampleto the test tube. 

3, Add 1,0 ml of reagent B (radioactive tracer vitamin B 13 /folate) to each tube, 

4, Mix well, . 

40 5. Incubate in boiling water for 15 minutes and then at room temperature for another 15 minutes. 40 
Thisstep destroys the folate protein binder used to form the N-5-methyltetrahydrofoiic acid complex while 
at the same time destroys any endogenous folate binding protein in the biological sample. 

6. Add 0,5 ml of reagent A (folate and vitamin B 12 binding proteins) to each tube. 

7. Mix well. L . , , , 

45 a Incubate for 1 hour at room temperature. At least during the incubation steps, the tubes preferably are 45 

protected from light. 

9. Centrifuge all tubes. 

10. Decant all tubes. , * ■ 

11. Count all tubes with a gamma counter capable of counting 57 Co and 1Z5 I simultaneously or separately. 

50 In this example, the pellet iscounted, but the decanted liquid could be counted as well with modification 60 
of the calculations and generation of standard curves. 

In addition, the binding protein reagent A could be immobilized on another support, such as an organic 
polymer, inorganic particles and so on. Although covalent bonding is preferred to link the binder protein to 
the support with the bonding being directly to the support or through a spacer moiety as known in the art, 

55 other types of chemical and/or physical bonding techniques such as the use of ionic bonds, van der Waals 55 
forces and so on could be employed. In this assay, the binding protein is covaiently bound to porous glass 
particles via silane coupling and glutaraldehyde as is well-known in the art (see, e.g., U. & Patent No. 
3,669,841} 

The determination of level(s) of unknown(s) in the patientsample can be accomplished using any of a 
60 number of data reduction calculation modes known to the skilled artisan. For example, relative percent 60 
bound for labeled vitamin B 12 and labeled folate for standard, controls and the unknown can be calculated 
using the following formula: 
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t . # . t mean cpm of sample 
Relative % bound = cpm of 0/Q standar(i x 100 

Thereafter, standard curves can be generated by plotting on semi logarithmic (3 cycle} graph paper the 
5 relative percent bound on the linear axis and concentrations of the standards on the logarithmic axis. 5 
Interpolation yields vitamin and folate levels for unknowns and also for the controls as a check. 

In a similar manner, folate concentration in the red blood cell lysate can be determined, as known to the 
skilled person. 

As is well known in the art, the quantitative determination of the concentration of N-5-methyltetra~ 
10 hydrofolic acid in a sample requires the use of at least two standards having concentrations sufficiently ^ 
different to define a standard curve. Such procedure was employed in the above example, A single standard 
can be employed however it one only needs to determine whether or not the N-5-methyltetrahydrofolic acid 
concentration in the sample is above or below some given value. 
Certain parameters known to the skilled person for use in the type of folate and/or vitamin B 12 /fotate 
15 assays as above described have not been discussed herein for example that the assay would usually be 15 
carried out at a pH of around 9*2, and so on. Since the present invention through the use of immobilized 
binding protein and the N-5-rnethyltetra hydrofolic acid complex provides significant Improvements over 
prior art folate and prior art foiate/vitamin B 12 competitive protein binding asays, the parameters, conditions, 
reagents, etc. which would be used as disclosed in the prior art do not form part of the inventive feature 
20 herein and accordingly are, not described here or not described in great detail. 20 

CLAIMS 

1. A process for determining the concentration of N-5-methyltetra hydrofolic acid in a biological sample 
of unknown N-5~methyltetrahydrofo!ic acid concentration which comprises separately admixing the 

25 biological sample and at least one standard reagent with known quantities of labeled folic acid or labeled 25 
folic acid derivative to yield at least two separate test samples, said standard reagent(s) comprising a 
reconstituted Iyophilized complex of N*5-methyltetrahydrofolic acid-folate binding protein, destroying the 
folate binding protein of said standard reagent(s) and destroying any binding protein present in the 
biological sample, adding a known quantity of folate binding protein to each test sample, measuring the 

30 amount of labeled folic acid or labeled folic acid derivative which does or does not bind to the added binding 30 
protein in each test sampfe andfrom said measurements determining the concentration of N-5- 
methyltetrahydrofolic acid in the biological sample* 

2. A process as claimed in claim 1 in which the known quantity of folate binding protein added to each 
test sample is immobilized on an inert support* 

35 3. A process comprising: 35 

A) cornplexlng N-5-methyltetrahydrofolic acid with folate binding protein in an aqueous based medium; 

B) iyophilizing said aqueous based medium containing said complex; and 

C) carrying out a competitive protein binding assay for N-5-methyitetrahydrofolic acid using the 
Iyophilized complex in reconstituted form as a N-5-methyltetrahydrofolic acid reagent, 

40 4. A process as claimed in any of claims 1 to 3 in which the assay which ts carried out is a simultaneous 40 
vitamin B 12 /folate assay* 

5* A process as claimed in any of claims 1 to 4 in which a plurality of reconstituted Iyophilized 
N-5-methyitetra hydrofolic acid reagents, each having a different N-5-methyftetrahydrofolic acid concentra- 
tion, wherein the N-5-methyltetrahydrofolic acid is complexed with folate binding protein, are run 

45 side-by-side along with the unknown sample and then the concentration of the folate in the unknown is 45 
determined by generating a standard curve from said known concentration reagents and comparing said 
unknown with said standard curve. 

6. A process as claimed in any of claims 1 to 5 in which the label is radioactive. 

7. A process as claimed in claim 4 in which the label is radioactive and wherein a radioactive vitamin B 12 

50 standard reagent is used in a competitive binding assay for vitamin B n and the radioactive label of said 50 
vitamin B 12 reagent is different than the radioactive label of said labeled folic acid or labeled folic acid 
derivative. 

8* A process as claimed in any of claims 1 to 7 substantially as herein described with reference to the 
Example. 

55 9. Acompetitlve protein binding assay kit comprising; 55 

A) N-5-methyltetrahydrofolic acid complexed with folate binding protein and 

B) folate binding protein immobilised on an inert support, 

10, An assay kit as claimed in claim 9 as a radioassay kit, said kit containing a plurality of standard 
Iyophilized N-5-methyltetrahydrofolic acid reagents„each having upon reconstitute n a different N-5- 
60 methyltetrahydrofolic acid concentration, wherein the N-5-methy I tetra hydrofolic acid is complexed with 60 
folate binding protein, so that a standard folate binding curve can be generated from said standard reagents. 
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11. A radioassay kit as claimed In claim 1 0 in which the inert support is silane-glutaraldehyde derivatized 
glass particles and the folate binding protein is covalentiy bound thereto, 

12. An assay kit as claimed in claim 10 substantially as herein described with reference to the Example, 
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